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We report the case of a 7-year-old girl in whom a left renal mass was incidentally discovered on
computerized tomography (CT) scan during evaluation for acute perforated appendicitis. The presence of
polycythemia and the radiographic characteristics of the mass suggested a metanephric adenoma but a
Wilm’s tumor could not be excluded with preoperative studies. Gross inspection and intra-operative
ultrasound of the tumor supported the suspicion of a metanephric adenoma and a partial nephrectomy
was performed. Frozen section and permanent pathologic analysis conﬁrmed a benign metanephric
adenoma. At current date, patient is recovering well and polycythemia has resolved. A review of the
management of metanephric adenoma in the child is presented.
 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Metanephric adenoma (MA) is a rare, benign tumor [1,2]; initial CT indicated a 3.13.0 3.3 cm slightly complex mass in the
moreover, few cases of MA have been described in children [2e5].
Most commonlyMA presents in the fourth decade and is discovered
incidentally on radiographic imaging, or rarely as part of a workup
for polycythemia. Less frequently, the presentation is with ﬂank
pain and hematuria [6].
Herein, we discuss the diagnostic challenge of differentiating
between metanephric adenoma and Wilms’ tumor in the pediatric
population. While partial nephrectomy in cases of malignant tu-
mors, such as Wilms’ tumor, remains controversial, metanephric
adenomas are benign and should be treated with nephron sparing
treatment. Nephron sparing surgery (NSS) is well-described in the
literature as preferential to total nephrectomy as it results in lower
rates hypertension or progression to end-stage renal disease [7].
1. Case report
1.1. Case presentation
A previously healthy 7-year-old girl with no contributory family
history presented with fever, nausea, vomiting and diarrhea and
was diagnosed with acute appendicitis by CT scan. Findings on herSC 10-5610, 1 University of
5 272 5913; fax: þ1 505 272
.
Inc. This is an open access article usuperior left pole of the kidney with scattered calciﬁcations raised
concern for an early Wilms’ tumor.
On initial examination she was dehydrated and had hemoglobin
of 20.8 g/dL (N: 12e15.6 g/dL) and hematocrit of 57.8% (N: 35e46%).
She received intravenous ﬂuid resuscitation and underwent lapa-
roscopic appendectomy without complication. Ten days of Ceftri-
axone and Flagyl were administered after surgery for perforated
appendicitis and diffuse peritonitis. A complete blood count (CBC)
performed at 48 h postoperatively showed critical hemoglobin and
hematocrit values of 20.7 g/dL and 62%. Hemoglobin and hemato-
crit determinations after intravenous ﬂuid boluses revealed a
moderate decrease of hemoglobin (18.8 g/dL) and hematocrit (56%).
Erythropoietin (EPO) level was normal at 25 U/L (N: <26 U/L) and
the repeat value four days later was also normal at 14 U/L. Persistent
polycythemia, despite normal hydration raised suspicion for a
metanephric adenoma.1.2. Investigation
A preoperative ultrasound revealed a heterogeneous left upper
pole mass with areas of low and high echogenicity that was well
circumscribed without evidence of invasion into renal vasculature.
Additional CT scans failed to differentiate between a malignant
tumor such as Wilms’ tumor and a benign metanephric adenoma.
There was no evidence of metastatic disease. Other diagnoses innder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Transected internal surface of metanephric adenoma resected from patient.
Fig. 2. Metanephric adenoma transected in half.
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myolipoma associated with tuberous sclerosis and hemangio-
blastoma associated with Von Hipple Lindau (VHL). A 24-h urine
collection for vanillylmandelic acid (VMA) (N: <8.5 mg/g creati-
nine) and homovanillic acid (HVA) (N: <15.0 mg/g creatinine) were
normal and ruled out neuroblastoma. Resolution of leukocytosis
suggested acute inﬂammatory reaction to appendicitis rather than
lymphoma. A genetics consultation deemed tuberous sclerosis or
VHL unlikely. The possibility of Wilms’ tumor versus MA was
pursued.
After an interdisciplinary discussion, the decision was made to
proceed with a retroperitoneal approach to nephron sparring sur-
gery. A trans-peritoneal approach is preferable with Wilms’ tumor,
because it allows oncologic goals such as inspection of peritoneal
surfaces, palpation of vessels, and nodal sampling [8]. A retroperi-
toneal approach was chosen in this case because of the risk of
infection due to recent peritonitis from ruptured appendicitis, and
clinical studies and radiologic imaging highly suggestive of a benign
tumor. This case was reviewed prior to surgery with experts in the
Children’s Oncology Group (COG) who determined that a retro-
peritoneal nephron sparing operation on this small, encapsulated,
superior pole renal mass would be acceptable treatment for Wilms’
tumor if the margins and lymph nodes were negative [9].
Intra-operative ultrasound would used to determine if the tu-
mor was well circumscribed and a resection margin free of tumor
could be achieved with a partial or heminephrectomy. A radical
ureretonephrectomy would be performed if the tumor appeared
invasive and a clear resection margin was not possible.
1.3. Treatment
The left kidney was exposed with a left-ﬂank retroperitoneal
incision. Intra-operative inspection of the tumor revealed an
encapsulated, slightly yellow, ﬁrm tumor emanating from the up-
per pole of the left kidney. Intra-operative ultrasound revealed a
distinct line between normal renal parenchyma and tumor. Pedi-
atric surgeons and urologists concluded the tumor most likely
represented benign adenoma. With no radiologic evidence of
metastatic disease, lymphadenopathy or vascular invasion, a left
partial nephrectomy was performed. Frozen section of the spec-
imen revealed the presence of psammomatous calciﬁcations and
absence of mitotic ﬁgures, most consistent with MA and notWilms’
tumor. Findings inWilms’ tumors such as bands of undifferentiated
blastema with variable mitotic activity in an immature spindle or
ﬁbrous stroma in a classic triphasic Wilms’ tumor, a stromal
component of trabecular bands of ﬁbrous tissue in a blastemal
predominant Wilms’ tumor and cellular anaplasia in an anaplastic
Wilms’ tumor were not present [10]. Wide surgical margins were
identiﬁed in the specimen. A double-J ureteral stent was passed
antegrade through a pelviotomy that was encountered during
resection and closed primarily. A Jackson Pratt drained was left in
the operative bed.
1.4. Outcome and follow up
The ﬁnal pathology report revealed a metanephric adenoma
with wide surgical margins (see Figs. 1 and 2). Oncologists and
surgeons recommended no further treatment.
The patient had an uneventful recovery and was discharged
home on postoperative day 6. She was seen in clinic on post-
operative day 27 and was doing well. She was afebrile and had
anticipated mild gross hematuria after double-J ureteral stent
insertion. She had no other complaints. The patient’s hemoglobin
and hematocrit trended down to hematocrit of 50% and the white
blood cell count was 6.3 billion cells/L (N: 3.5e1.5 billion cells/L).Urine analysis was positive for leukocyte esterates but negative for
nitrates. Urine cultures grew less than 10,000 colony-forming units
of Streptococcus Group A.
Unfortunately, the patient developed a retroperitoneal abscess
around the left kidney that was successfully treated with IV anti-
biotics and percutaneous drainage. The function of the left kidney is
being observed. It is important to note the hematocrit was normal
(38%) when she was discharged from the hospital.
2. Discussion
The rarity of MA in children and its similarity in appearance to
other malignant renal tumors of childhood creates a unique diag-
nostic challenge. On radiologic studies, MA may appear similar to
Wilms’ tumor, a more common renal tumor in the pediatric pop-
ulation. Themean age at diagnosis forWilms’ tumor is 3 years old. A
non-Wilms’ diagnosis should be considered in children beyond the
age of 7. Macroscopic and microscopic appearances of MA are
important in successful diagnosis. Metanephric adenomas are well
circumscribed without erosion into surrounding kidney paren-
chyma. This tumor is often gray or yellow in color. Larger tumors
may show evidence of central hemorrhage or necrosis [6]. These
tumors are generally unilateral, although rare bilateral MA have
been described [11].
Polycythema is more frequently associated with MA than with
other renal tumors and occurs with a frequency of 12% in adults [6].
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described in pediatric literature [5]. Multiple mechanisms have
been proposed for the possible development of polycythemia
including the proposal that MA produces EPO and cytokines such as
IL-6, IL-8, GM-CSF, and G-CSF lead to increased erythrogenesis [12].
However, many patients with MA, including the patient presented
in this case report, present with normal EPO levels. It has been
suggested that when the plasma EPO level is normal, an intermit-
tent secretion of EPO (or a substance resembling EPO) may be
responsible for the development of erythrocytosis [13]. It is
important to note, however, that the development of polycythemia
alone does not conﬁrm a diagnosis of MA, since polycythemia has
previously been reported with Wilms’ tumors [14].
As in this case, many MA are discovered incidentally on imaging
studies. On unenhanced CT, these tumors often appear to have
higher attenuation than the renal parenchyma while on enhanced
CT they appear well-circumscribed, solid and homogeneous
[1,15,16]. Ultrasound ﬁndings are consistent with the pathologically
described hypovascularity of MA, demonstrating low to no ﬂow on
Doppler ultrasound. Additionally, increased echogenicity on ultra-
sound has been described [1,16]. The appearance of MA on imaging
is consistent with the known architecture of these tumors as
hypovascular with psammomatous calciﬁcations and papillary
structures.
Wilms’ tumors may have similar radiologic appearance, result-
ing in the difﬁculty in differentiating between Wilms tumor and
MA. Wilms’ lesions are also shown on ultrasound to have both
hyperechoic areas as well as hypoechoic areas of necrosis or cyst
formation [17].Wilms’ tumors also appear hypovascular on imaging
as the tumors displace vessels with growth. On CT or MRI, Wilms’
tumors and MA can have normal renal tissue surrounding the tu-
mor [17].
Microscopically MA is composed of small uniform cells creating
acini divided by an acellular stroma of ﬂuid or matrix [7,9]. Meta-
nephric adenoma does not contain pleomoprhic cells and mitotic
ﬁgures, but does however frequently demonstrate glomeruloid
bodies, lobulated papillary projections and psamomma bodies
[6,18,19]. The diagnosis of MA may be further aided by histo-
chemical or immunohistochemical ﬁndings since tumor cells may
demonstrate weakly positive reaction to PAS, S-100, cytokeratoin,
vimentin, and occasionally positive reaction to WT1 and CD57 an-
tigens [18].
The possibility for nephron sparing surgery in MA in a pediatric
population has previously been addressed in the literature [2,5].
However, it is important to differentiate MA from Wilms’ tumor
based on the clinical features described above, as the mis-
categorization of a Wilms’ tumor as a benign MA with resection
without clear margins could lead to upstaging the tumor and
necessitate chemotherapy or radiation treatment. Nephron sparing
surgery remains controversial in the treatment of Wilms’ tumor,
though it is growing in popularity. Current treatment of Wilms’
tumors has undergone a recent shift in focus from radial nephrec-
tomy to renal preservation surgery. Current Children’s Oncology
Group guidelines allow for nephron sparing surgery after neo-
adjuvant chemotherapy in children with bilateral disease or with a
solitary kidney [7]. Nephron sparing surgery has been rarely re-
ported for low or intermediate risk tumors with good response to
neoadjuvant chemotherapy [20], and it has been suggested as
indicated only in patients who meet strict selection criteria
including solitary, well-conﬁned masses without involvement of
renal vasculature [21]. Review of reported cases indicates compa-
rable oncologic outcomes after partial versus radical nephrectomy,however due to a lack of prospective well-controlled trials, this has
not been determined [7].
Few cases of MA-like tumors with associated metastasis and
malignant potential have been previously reported in the literature
[22,23]. However, the possibility that these tumors are more his-
tologically related toWilms’ tumor thanMA remains [5]. To date, no
ofﬁcial recommendation for screening follow up has been made.
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